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Sheep liver microsomes incubated with chlorproza-
zine produced the norrinl spread of known metadbolites of
the substrate drug usually scen in vitro. They showed
an ocutstanding capacity for 7-hydroxylation. The fresh
microcomal préparations converted from one-third to more
than two-thirds of the substrate into various 7-hydroxylated
derivatives of chlorpromazine. NManipulation of storage
conditions of the microsomal fractions prior to incuba-
tion with drug substrate furthermore resulted ir the pro-
duction of nearly 70¥ of 7-hydroxychlorpromazine, at
the expense of other non-phenolic and phenolic metabo-
lites. Thus, in sheep liver microsomes the paﬁhuays
for 7-hydroxylation were found to bo more rcsistant to
deterioration in cstorage than those for demethylation,

N-cxidation and sulfoxidation.
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An inter-species study of in viireo “lL-chlorpromazine (BH-CP*) metobolicm
was carried out, using hepastic microsomes of 17 species of mamnsle (Trockes,
Forrest ond Iubbord, 19703 Prockes snd Forrest, 1971). It was found that
gone 62 the spreles showed the prouensity of producing lerge rercentual
amounts of specific rmeinbolites. Thus, guinea pig and dog hepatic micro-
somes produced mere than 607 chlorprouazine-ti-oxide (Cr10), Rhegus monkey
and rat yielded in cxcesz of 20¥ nor, ~chlorpromazine (norICP). rabbit was
the only s;ecies to yield subatnntial amounts (approximately 15Y) of
nor2~chloryromazine (norECP), while sheoep produced more than 0% 7=hydroxy-
chlorpromazine (7=CTCP).

Cince 7-CHCP and its derivatives are important blotransformation
products of CP in man and most mammuls, either unconjurated or es the agly-
cones of glucuronic acld or other conjugates (Beckett, Beaven and Robinson,
19633 Goldenberg and Fishman, 1965; Bolt and Forrest, 19567; Forrest, Yosek

et al,, 1970), it was previously synthesized as rcference compound for

Abbroeviations uned:

ce = chlorpromazine

norlc = desmonomethylehlorpromazine

nor2CP s desdimethylchlorpromuzine

CINO = chlorpromazine-N-oxide

CyoLio a chlorpromazine sulfoxide~li-oxide

CPO = chlorpronmazine sulfoxide

norICPO = desmonomothylchlorsromuzine sulfoxide
7=CuCr = 7=-hydiroxychlorpromazine

nor17 1CP = desmonomethyl-7~hydroxychlorpronnzine
7=CHCrO = 7-hydroxychlorpromizine sulfoxide

nor17-CEC?O = desmonemethyl=7-hydroxychlorpromazine sulfoxide

8-CicP « S<hydroxychlor;romazine




studles of Ci meinbolica by laborious, multi-step procedures (lodiff and
Rauasman, 19663 Yodiff, Ina et al., 1967). ¥hen it wos noted that cheep liver
microsomes exce ded thoce of all other syecies in their cupacity for 7-hydroxy-

lation of C¥ by a wide margin, it was atlemited to try tiais route as un

by 4
alternate peiliod of prepnring “il- or unlabeled 7-CHCP (Forrest, Brockes and
Barth. 19?@)-
VATERIALS 78D MITH0DS

Sheep livers were obinined upon sacrifice from a local slaughterhouse,
transported to the lesboratory under ice cooling, and processed irmediately.
100 g of the liver spacimens were homogenized with ice-cold isotonic XC1
(1.15% w/v) in a Waring blender and centrifuged at -5°C for 30 winutes at
9000 G. The supernatant terved as the source of microsomes. For incuba-
tion of the nmicrosomal fraoction with the substrate CP, the squivalent of
b g of liver (12 ml) was used, to vhich were added the co~factors Mgll,

(40 » mol), nicotinnmide (240 w mol), glucose-G~phosphate (48 4 mol),

NADP (8 u mol), and ATP (1.4 p mol)e The substrate used was & n mol CP.AOCI,
which containod the equivalent of 20 uCi of tritliated CP*., The incubation
mixture was made up with 1h ml Sgrencen's phosphate buffer pi 7.4, to a
total of aprroximately 32 ml, ond incubation was carried out in air at 37°C
in a shaking incubator for 50 minutes, the optimal time period previously
doternined (Brookes, Forrest and Hubbard, 1970). The mixture was then
exhaustively extrscted with dichloromsthane (3 x 160 ml) at pH 9.2. The
pooled orgrnic phaces were taken to dryneés on a rotary evaporatof, and

the residue tnken up in 0.5 ml ethyl acetate. Aliquots of the eothyl acetate

*
labeled at position 9 of the nucleus
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rhasce were uscd for dircet scintillation ccunting and alse for spotiing on
silica gel i (Merck) plates, cozted with either 250 um or 1 wm layers of
support, for analytienl or ;reparative purpoces, respectively.

3H~Chlornromnzine et bolitos Terned In Vitro

For analytical purposes, 5 to 10 ul, i.e. 1°'to 2% of the ethyl ccetate
phase, were apctted on a thin layer plate, which wag developed in the sél-
vent system butznol - absolute ethunol - diethyiamine, (12:6:1) (Forrest, Bolt
and Serra, 1968), spreyed with sulfuric acld - water = ethanol (95%), (1:1:6).
All sulfides and plienolic derivatives were demonstrated immediately, as pink
or purple spots, while non-phenolic sulfoxide spots were visuslized zs
darker pink spots by gontls heating with a hot air drier. All spots were
then scraped off the silica gel, plasced in scintillation vials, incubated
for 30 mirutes at 60°C with 5 ml of a composite scintillation fluid, containing
PPO, H

CPCP and toluene (5 g PPC, 0.25 g M. I'OPOP, made up to 1000 ml with

2 2
toluene). A Packard Tri-Carb Scintillation Counter wos used for radio-
quantitation.

RESULTS AXND DISCUSSICH

The results of various micerosomal incubations are suzmarized in Table I.
The firat two vertical colurma I and II represent pools of two livers each
from animels of undetermined breed and sox. Columns I1II to VI ropresent
single livers, fron 3 males and 1 female, and column VII represents the pool
of microsomes fren livers III to VI. The four livers represented in columns
I and II, and III to VI, reazpactively, wore obtained on different dnys.
The animals reaching the slaughterhouse were 5 to 10 nonths old, according
to the vetcrinary in:pector. There may have been a difference of age and/or
broed accounting for the differences scen in total number of metabolitos.

The single livers, III to VI, may have come from older animals which would
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explain the larger number of metobolites formed, and the greater nurber of
hydroxylated and sulfoxidnted metcbolites formed in these inntances. However,
a strain difference can not be excluded (Brookes, Nolmes et ale, 1970}, The
differences in total metabolic potential, leaving 30% to 40¥ of avplied CP
unmetgbolized in the tosis of colums I and IXI, while only 1% to 2¢ remained
unmetabolized by tho microsomes of the individual livers III to VI, would
be in keeping with age as tho determining fuctor, since older, i.e. fully
mature animzls of other cpecles showed similar differoences within the same
strain, both in vivo and in vitro (Prockes, Holmes et.al.. 1970)e The foct
that the lambs (preceding paper, Tables I-III) showed a mature type of C?
ietabolism in yivo was probably due to previous induction of drug-motaobolizing
hepatic enzyme systems, and does not argue sgainst age as the cause of dif=-
ferences cbgerved in the livers of naive animals.

Co~factor requircuents were studied only with regard to the yield of
7-OHCP (Forrest, Brockes and Barth, 1970). It was found that MgCl, could be
omitted without any noticeable effect on 7-CHCP production. ATP and
glucose~6~phosphate omissions decressed the yields by 3¢ to &%e Nicotinamide
and NADP were the most vitally needed co-foctors. While & u mol of HADP
per g of liver ylelded up to 41.5% 7-CHCP (Table I), decreasing this co-factor
resulted in proportionately lower yields. Thus, 0.8 u mol NADP, or 203
of the normally spplied quuntity, lowered the yield of 7-CHCP by approxirately
30%. Total omission of nicotinamide resulted in the loss of £0% to 90% of
the normal yleld of 7-CHCP.

Effect of Storape of Micronomes on Drug-Metabolizing Pathways

Since one of the objects of this study was to prepare 35-?—GHCP, wo
attempted to vary the conditions of storage of the hepatic microsomes to
eliminate some matabolic prthways in favor of 7=hydroxylation. Tablea II and

III summarize our results in this respect. Table II represents the results
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on different storuge conditions for the nmicrosomes frox a sinele rule liver,
M l. The first verticzl colum indicites the metabolites formed by the
fresh preparsticn, the cocond colurn after freezing for 4 days, the third
column after refriger:ction for 4 duys, and the fourth column after freezing
for 92 days and cubscgquent reifripcration for 3 dayse It is obviocus that
the totul metrbolic potentlnl, (exyressed reciprocally by the percentape
of unmetabolized CP), Qoclined steadily, from about 95% for the fresh prepor—
ation, to 937 for & days of freezing, and 87¢ for 4 days of refrigeration,
3 Months of frozen storage, followed by 3 days of refrigerstion produced
an overall decline to h1Y. With respect to production of the decired mota=-
bolite, however, the results wore encouragings While freezing for 4 days
was neither useful nor harmful, end the virious metabolites remained quali-
tatively and quantitatively slmost unchanged from frech conditions, refriger-
ation for 4 days nearly doubled the yield of 7=-ClICP, and even 3 months
freezing followed by 3 days of refrigeration produced more of the dezired
motabolite than the fresh preparations

Table III surmarizes the data for various conditions of storage for the
pooled microscmes of 3 male and 1 female livers: Freezing for S4 days shoved
selective losces in the demethylation and sulfoxidation patlways. This
elinminnted some of the unwanted metsbolites, end enhanced hydroxylaticn without
simultaneous sulfoxidation, noarly fourfolds. Ome half of the applied CP
was convorted to 7-CHCP under thees conditionse Further refrigerated atorage
after the initial 54 deys of froezing produced an additional increase in the
yield, at tho expense of other metabolitos, yilelding 67.5% of the desired
7=-CHCP, the hirhest yield obtained to date. As expected, prolonged reiriger—
ation for 28 dsys roculted in an oversll low met:-bolic potontial, with a poor
residual yield of 6.7% 7-~0HCP, reopresonting about one half of the fresh volue

of 13.5%,
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Thus, tla hydrexyintion aystenm of sheep liver microcomes was chown to
be remrxkobly r sistant to deteriorition by storage, arnd, on the contrury,
storage manipulution could be rucceszfully used to incresse the yields of
soze ratabolitces at the oxponse of others.

x Y re -
Treparation of “l=?«lydrovychlorpronazine

For preparative purposes cnd characterization by mass spectirometry,

100 to.250 1l of the original 500 pl ethyl acetate solution of the CP metaboe
lites produced by the microsomal incubation were applied in a sinzle sypot,
approximately 3 cu from either side of the gloss plate coated with 1 &m
silica gel H., The plate was then run in a two-dimensional process, using
freshly distilled solventa, first in diothylaﬁine and subsequently in acetone
in the second directicn. . ¥any solvent systems were triced to achieve opticum
separation of the phenolic and the non~phenolic metabolite spote, singly and
in combination. The selection of the system adopted afforded optizum con-
ditions for the separation of 7-0HCP, regardless of any other motabolite.
There was no overlsp or very élose proximity of any other metabolite spot.
The nearest compound, seen in some instances, was an unidentified blue spot,
with the color characteristics of the 8-hydroxychlorpromazine derivatives.

It was, howover, neither 8-hydroxychlorpromazine nor its sulfoxide, but may
wvell have been a demethyleted derivative of either. As this spot was not
8aen in all instunces and was a minor one, when present, no attempt was

made to further identify the compéund.

The two-dimensional polvent cystem diethylamine/oacetone rust be ap;lied
in the mequence indicated, although this involves the inconvenience of re-
moving adhering dicthylomine boefore using acetone in the gecond direction,
After the diethylomine run, the plate is kept in an evacuated chromatography

oven for 40 hours at room temperature in the dark, and for an additional




8 hours at 40°C, ikhen no {urther amine odor was detected, nitropen was
ap;ylied in a gsoentle olresn to remove truces of solvent. The nlate ic then
run in the cocond dircction in acaetones BToth runs require SO to €C minutes
each, The Rf of the final location of 7-CiiCP is ayproximately 0.5~C.6 in
the diethylusine dircction, and more variable in the acetono direction,
depanding appsrently on £rmcoa of diethylamine adhoring to the plate., The
approximate Rf's varied from 0,1 to 0.3, with the latter representing the
approximate average value for the acetone directione.

For characterization of the 7-ClCP, the plates were not sprayed, but
vieved under a Blak-Ray UV light. The 7~CIHCP spot-—=the major aspot-—a;pears
woakly fluorescent, with a bluish to purple tinge. Other motobolites appear
as moreo yellowish, and wenkly fluorescent spots, readily distinguished from
7=0ilICP, Moreover, even ghort ¢xposures to UV will produce some fIee radical
formation in the 7-CHCP spot, manifested by appearance of some color in the
unsprayed spot (Forrest, Kosek et ale, 1970).

To elute the 7=0HCP spot, the area marked under the UV light was scraped
olf, the silica powder transferred to a 13 ml screw top centrifuge tube,
and shoken with 7 ml mothanol for 10 minutes, after replacing the head space
alr with nitrogen. The tubes waas then centrifuged for 5 minutes at 300 x g.
This proccdure was repeated five times, and the pooled methanol extracts
taken to dryness on & rotary evaporstore The residue was used for various
further proccdures. Aliguots cerved in the determination of elution ef-
ficiency by radioguantitation, which exceeded 80¥. Thus, in a ricrosomal

3H-C? wvere converted to 7-CHCP and used

incubation in which 50¥ of applied
for thin layor chromatography, approximately 40% of the applied chlorproma-

zine was obtained as yield of 7-CICP.
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ther aliquots served for identification of the compound by thin layer
chrom-tography in ens=-dircnuicnal solvent systens (Forrest, Bolt wund Cerra,
19(8) and ylelded single spots of churncteristic RE, 7-CHCP was further
jdentified by its spoctrophotosetric characteristics, using the procedure
reported for maximum color development in 7-TilCl  Tho shape of the reccrded
curve, with peak sboorption at 565 nm, was identical to that of reference
2.0fCP (Forrost, Bolt and Serra, 1508)e

Various samples of 7-(iCP derived im repested microzomal incubations
were subjected to mass spectrorotry using a Finnegan 1015 low resclution
quadrupcle mass spectromoter. It was noted that by the criteria of mass
spectrometry, the prepsred 3n-7—och was not as pure as the cold reference
metabolite supplied by the National Institute of Mental Health,

Althouzh only tracor amounts of the 33-13bel vere present in the 7-CHCP
preparation, they wero considered the potential source of the greater quanti-
ties of decradation products. Radioquantitation of a thin layer chromatogran
of a mothanol solution of soclid label showed Ok.7X pure 3H—CP, 0.,9% promazine,
0.2% promazine sulfoxide, O.b% at the origin (presumably in form of a dimer
or other low polymer), and 3.&% of the radionctivity of the residual suprort,
comprising unknown derivatives. Freshly prepared free bace of the label
wvas subjected to mass spectromeiry, snd showed gnall amounts of contamination
vith premazine derivatives, comparable to those seen by thin layer chromato-
graphy. An squeocua solution of the label, which had been kept rofrigerated
for about 45 days, and wes subjected to masa spectrometry in form of the
free b:ze, however, chowed more significant breakdown. TIromazine and its
sulfoxide were again seen in addition to CP. Under the conditions of storage,

{4t appsars that the well known phenomenoa of elimination of the chlorine




from the nucleus by free radical rocctions accounts for the fermation of
promazine derivatives. The sume ob ervation was made by Deckett, Lcaven
and Robinson (1963) ond by ourselves in 1963, when agueous CP colutions
were aerobically nxyosed to UV irradiation. Tho presence of the 3H~1abe1
seems to promoto this type of resction even in the s0lid state, znd in
prolonged :=torage of the aqueous solution, without undue exposure to light
and sir. Mass spectrometry of solid unlabeled CP or its aqueous solution,
atored in the refrigerutor for 3 months, showed no comparnble contamination
with breskdown productse

The major fragments in the mass spectra of CP, 7=CHCY and their res-
pective s:.1foxides have been surmarized in Table IV, Additional data on
the mass spectrometry of phenothiazine derivatives have previously been
reported (Duffield, Craig and Kray, 1968; Audier, Azzarc et al., 1968;
Guedj, Cambon et al., 1968; Audier, Cambon et al., 1968; Gilbert and
Millard, 1969; Heiss and Zeller, 1969).
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Le Yotaboliorme Je la Chlorpromagzine dangs le Mouton

’ L) 3 " ®
II. Metabeolisre In vitro ot iresszrotion de la 3H—7—Hydroxychlorpromazine

-~

Le Ge Brookes, M. A. llolmes, Ie Se Forrest
Ve Ae Bacong Aa Mo Duffield . & Ma. D, Solomon

Les microconmes hé;atiques de routon incubes avec la chlorprozazine
produisaient les motabolites normalemeont forme par cette route. Leur capacité
d'hydroxylation a la position 7 du noyeaun é:aient toute fois remarkable. Les
préparations de microsomes fraiches convertaient d'un tiers jusqu' a plus
de deux tiers du substrat on derives divers de la 7=hydroxychlorzromzzine.

La manipulation des conditiong de #résorv&tioﬂ de la fraction zicroscaale
pr&céd&nt ltincubation avec la chlorpromazing rendait presque 70% de 7-hydroxy-
chlorpromnzine pure au frois d'autres metabolites phénoliques et non-phénoliques.
Done, dans les micfosomea.hépatiques du mouton, les voies métaboliques
d'hydroxylation & la poaition 7 resistaient mieux a la deterioration en pré-
servation au froid que celles de demethylation et d'oxidation aux groupes

5 ot N. | |

ZUSAMMINTADEUNG

Ch:lorpromazin Metabolismus in Schafen

3.

II. In vitro Metsbolismus und Darstellung von 7=-Hydroxychlorpromazin

L. Ge Brockes, M« A. Holmes, I. 3. Forrost
V. A. Bacon, A« ¥e Duffield & M. D, Solomon

Inkubation von Cchaflebermikrosomen mit dem Substrat Chlorpromazin
lieferte die iblichen bakannten Metatoliten. Die Kapazitat fir 7-liydroxy-
lierung wor bemerkencwert. Frische Fraparate von Mikrosomen tronsformierten

ein Driitel bis mehr als zwel Lrittel des Cubstrates zu verscliiedenen

/
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7=hydroxylierten Metobolitens Manipulation der Aufbewsrungotedingunpgen der
Mikrosomenpriparate vor der Irkubslion mit dem Substrat ergadb eine Ausboeute
von nakezu 703 an reinem 7-iydroxychlorpromazin, auf ¥osten der anderen

)
phenolischen und ﬁicht»phcnolischon Yotaboliten, .In Schufleternikrosonon

war daher das Pozymsystem fur ?-Hydroxylierung bestindipger als die Systeme

fir Demothylierung und S- und N-Oxidition.

-
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TABLE I

In Vitro 3H-Chlorpromazine Metabolism by Fresh Sheep Liver Microsomes

1 11 III v v 'p¢ 128
Pool Pool M 1° M 2P M 3P P Pool
(2 1livers®) | (2 livers?) (III-VI)
CP, unmetabolized 30.7 41.0 1.7 1.7 2.6 1.2 1.2
norlcp “.8 l’-l 209 1."’ 2.8 1.2 105
norZCP 2¢3 -
CENO 10.3 12.9 24,3 11.0 11.8
}17.9 §5.1
CPONO 5.7 5.6 9.2 9,2 6.9
Cro 5.9 6.3 5.2 2.0 5.1 2.2 2.5
nor, CFO 3,1 1.3 2.1 2.0 2.5
*)=OHCP 34,0 41.5 16.4 12.9 7.8 14,0 13,9
norl?'OHCP 2.8 9.7 5.2 “-8 3.6 uol
7-OHCPO
}ua.k" 554.7° }37.7° }52.7" §sz.8°
nor17-0HCP0
unidentified
non-pmnoué 0.k 1.0 0.8 1.0 0.8 1.0
residual 1.5 l-? 2.‘+ 2.2 108
total metabolized 68.1 57.0 98.4 98.5 97.4 97.9 98.2
total accounted for (98.8) (98.0) (99.9) | (100,2) (99.8) | (100.1) (100.0)

i unidentified breed, unspecified sex
i Y unidentified breed; M = male, F = female

contains 7-OHCPO, nor,?7-OHCPO, plus a small amount of an unidentified phenolic
metabolite (derived ¥rom 8-OHCP?)
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Effects of Storage of Microsomes on 3

TABLE II

(Single liver, male, M 1)

H-Chlorpromazine Metabolite Formation

fresh | frozen | refrigerated frozen 92 days,
b days b days then refrigerated
3 days
CP, unmetabolized 1.7 6.6 13.3 59.2
norICP 2.9 3.3 9.4 2.3
CPNO 10.3 21.7 14,5
CPONO 5.7 6.6 2.6
CcPoO 5.2 bL.7? 9.1 8.3
nor, CPO 3.1 1.9 2.8
7-OHCP 16.4 14,8 31.9 19.1
nox‘l'?-OHCP 907 }06 L‘c9 009
7-0HCPO \ N . o 2.2
;42.4 §33.7 }7.2
nor17-OHCP0
unidentified deaminated
SO derivative, non- 1.0 1.3 1.5 1.4
phenolic
residual 1.5 1.8 2.8 1.8
at origin, unidentified 2.2
phenolic, unidentified 1.5
deaminated ’
unidentified phenolic 1.1
(blue when aprayed) *
total accounted for (99.9) | (100,0) (100.0) (100.0)

contains 7-OHCPO, nor
phenolic metabolite (

7-OHCPO, plus a small amount of an unidentified
erived from 8-OHCP?)



TABLE III

Effects of Storage of Microsomes on 3H—Chlorpromazine Metabolites Formed

(Pool, 3 male and 1 female liver microsomes)

fresh frozen frozen 54 days, | refrigerated
Sk days | then refrigera- 28 days
ted 4 days
CP, unmetabolized 1.2 15.9 10.2 78.6
norICP 1.5
CPNO 11.8 8.3 2.3 trace
CPONO 6.9 3.3 l.2
CPO 2.5 4.5 6.5
norlcPO 2.5
7-CHCP 13.9 50.5 6745 6.7
nor, 7-OHCP 4.1 7.7 3.8 3.3
7~OHCPO . . . 0.7
.6 | J8. 1.8
norl7-OHCPO 0.9
unidentified phenolic 2.6
(blue when sprayed) *
at origin, unidentified 1.1
unidentified non-phenolic
SO derivative 3.7 2+0 0.5
residual 1.8 2.2 0.8 1.6
total accounted for (100.0) | (100,0) (99.7) (99.9)

contains 7-CHCPO, nor,7-0OHCPO, plus a small amount of an unidentified phenolic

metabolite (derived from 8-OHCP?)




TABLE IV

Major Fragments in the Mass Spectra of Chlorpromazine Derivatives

CHLORPROMAZINE CHLORPROMAZINE 7-HYDROXY 7-HYDROXY
SULFCXIDE CHLORPROMAZINE CHLORPROMAZINE
SULFOXIDE
m/e % m/e % n/e % m/e %
318/320 19 33L/336 3 334/336 10 350/352 3
272/274 12 317/319 p) 289/291 L 33L4/336 3
232/234 5 289/291 3 288/290 3 333/335 2
86 28 272/274 L 248/250 5 305/3%07 2
58 100 246/248 L] 86 26 288/290 3
233/235 6 58 100 262/264 30
232/23k4 7 248/250 6
214/216 10 230/232 6
86 3 86 8
8s 2 85 L
au 13 84 13
58 100 58 100




